INTRODUCTION
The technique of culturing cells grown under controlled laboratory conditions was developed in the United States by Ross Harrison 1, 2 and later was significantly improved by Alexis Carrel 3 . These techniques became one of the most important instruments in experimental biology and medicine and greatly contributed to the progress in understanding the structure and function of mammalian cells. Nowadays, cells attached to the surface of a culture vessel or suspended in culture medium are used in biological laboratories throughout the world. Many of the techniques used today, including light, fluorescence and electron microscopy as well as flow cytometry, virological assays and numerous methods of molecular biology, were developed or adapted for the study of such isolated cells either at the bottom of a Petri dish or floating in culture medium.
However, the very first steps in processing cells for cultures, namely tissue disruption and isolation of cells from their native microenvironment, prevent this system from faithfully reflecting important aspects of cell-cell and cell-pathogen interactions that occur in the context of complex tissue cytoarchitecture. But deciphering the mechanisms of these interactions is critical for understanding normal and pathogenic processes, including those caused by human pathogens.
Human immunodeficiency virus is one of the most studied human pathogens. Initially, it was thought, on the basis of the techniques available at that time, that after infection HIV went into almost full latency, as little or no virus was found in patients' blood soon after infection 4 . However, later, when lymph nodes of infected individuals were studied, it was established that HIV does not go into latency but rather replicates continuously in lymph nodes 5 . There, although it infects only a fraction of its main potential targets (CD4 + T cells), HIV-1 eventually either kills or renders many other cells dysfunctional, including CD8 + T cells, macrophages and follicular-dendritic cells. Eventually, the entire structure of the lymph node collapses (reviewed in ref. 6) . It is believed that it is this collapse, rather than the death of productively infected cells, that is the main cause of immunodeficiency, as under normal conditions the cytoarchitecture of the lymph node provides the structural context for immune cell interactions that lead to an immune response. In AIDS patients, this context is destroyed and the immune response deteriorates. It has been established that HIV replication in gut-associated lymphoid tissue is also important in HIV disease 7, 8 . In the gut, the death of HIV-infected lymphocytes also leads to structural deterioration of this tissue, including the death of bystander (uninfected) cells. According to recent data, this deterioration results in the translocation of other microbes and/or their components through the mucosal surface 7, 9 .
Notwithstanding the complexity of HIV pathogenesis in vivo, HIV infection is usually studied in vitro in a relatively primitive system of transfected cell lines or suspensions of peripheral blood mononuclear cells, or in blood-derived macrophages attached to the surface of a cell culture dish. Moreover, these cells need to be activated to support HIV replication. Although cell lines are activated constitutively, peripheral blood mononuclear cells need to be activated and stimulated by incubation with an exogenous activator, such as phytohaemagglutinin (PHA) and IL-2. Although such activation transforms cell cultures into efficient virus producers, it significantly changes the expression of cell surface molecules and the functioning of the intracellular machinery. This is another reason why these cells inadequately model HIV target cells in tissues. Thus, as critical events of HIV disease, as well as those of several other diseases caused by human pathogens, occur in tissues, the field requires a model for the study of disease pathogenesis in tissues under controlled laboratory conditions. In the case of HIV, this requirement is especially important because of the high cost of animal models, whose adequacy is sometimes questioned (see ref. 10) .
Several years ago, we developed a system of human lymphoid tissue ex vivo to study the pathogenesis of HIV as well as that of other infectious agents [11] [12] [13] [14] [15] [16] [17] [18] [19] . This model is based on a technique developed by Joseph Leighton 20, 21 in the 1950s and further refined by Robert Hoffman in the last quarter of the previous century 22 . Basically, the model consists of integral blocks of tissues incubated at the liquid-air interface on a raft. We developed this model to study HIV infection in human tissue, and we initially used lymph node and tonsillar tissues for these ex vivo studies. More recently, we extended it to the culture of cervicovaginal [23] [24] [25] and rectosigmoid tissues 16, 26, 27 , as these tissues are critical in the transmission of HIV infection and play an important role in HIV pathogenesis. In principle, this technique could also be adapted to the study of other tissues, both normal and cancerous 28 . More systematic studies are required to optimize this technique and to understand its limitations. As of now, we have failed to maintain ex vivo liver and kidney tissue, probably because of their complex cytoarchitecture and high metabolism.
Upon inoculation ex vivo, human lymphoid tissue supports productive HIV infection without exogenous activation and stimulation, and it retains tissue cytoarchitecture as well as the pattern of expression of key cell surface molecules relevant to HIV infection 16, [29] [30] [31] . Also, some of the tissue functions are preserved ex vivo. For example, upon challenge with (recall) antigens, such as diphtheria toxoid or tetanus toxoid, ex vivo lymphoid tissue responds with a vigorous production of specific antibodies 32 . The critical importance of the tissue cytoarchitecture is underscored by the inability of the mixture of isolated lymphocytes to build an efficient humoral response in vitro unless cell density, culture vessel geometry, agitation, oxygenation and other factors are strictly maintained 33, 34 . Similarly, blocks of cervical tissue ex vivo continue to secrete mucus, just as this tissue does in vivo (B. Brichacek and L.M., unpublished data).
The system of culturing human tissues ex vivo can be used to study non-HIV microbes as well. These tissues have been shown to support productive infection of the following viruses: herpesvirus (HHV)-6 see (refs. 16, 35) , HHV-7 see (ref. 16 ), HCMV (HHV-5) 17 , HSV-2 (HHV-2) 18 , vaccinia virus 19 , measles virus 14, 15 and West Nile virus (P. Murphy, unpublished data). In this ex vivo system, human tissues have also been shown to support replication of the bacterium Borrelia burgdorferi 36 and of the parasite Toxoplasma gondii (A. Sassi et al., submitted).
In summary, the explant system of cultured human tissues ex vivo permits the study of normal and pathogenic processes, including ones caused by human infectious agents, in the context of tissue cytoarchitecture under controlled laboratory conditions. An alternative approach is to build tissue-like structures from single cells using various scaffolds; for a detailed protocol, see reference 37. Various research teams have also used organoids formed by coculture of several cell lines or isolated primary cells in biorecators [38] [39] [40] [41] . Although these strategies are valuable for many studies, and some have been successful in studying infectious agents 42 , such cell constructs may not faithfully represent many aspects of real tissue, including their cytoarchitectures, intercellular interactions and the presence of target cells and their locations.
Moreover, it requires isolation of cells and their maintenance without alteration of their physiology as well as a previous understanding of which cell types are essential for viral infection. On the other hand, use of cell lines or cloned primary cells for such constructs has the advantage of experimentation with highly reproducible systems overcoming the natural heterogeneity of donor tissues. However, in cases in which little is known about the contribution of various tissue cells and multicellular tissue structures in microbial pathogenesis, the use of tissue explants described in this protocol may be more adequate.
We focus our efforts on developing conditions for maintaining real tissues ex vivo. The advantage of this system is that in certain aspects it fills the gap between cultures of isolated cells and the situation in vivo. On the other hand, the system of ex vivo tissues has some limitations in the study of infection of human pathogens ( Table 1) . The most important of these limitations is the difficulty of applying many modern investigative tools developed for isolated cells to these tissues. For example, although microscopy gives subcellular resolution in imaging of single cells, the problem of deep tissue penetration beyond a few hundred microns is only partially solved with two photon excitation microscopy 43, 44 .
Overcoming these limitations and developing new techniques to analyze various normal and pathological processes in the depths of the tissues under strict laboratory conditions may revolutionize biomedicine. In such a system, it will be possible to test various drugs as a preliminary step before engaging in costly and lengthy clinical trials. Those drugs that do not work in ex vivo tissues can hardly be efficient in vivo, although the opposite is not necessarily true. Also, tissue systems may reveal basic mechanisms of pathogenesis that are not recapitulated in single-cell cultures. With optimization of the protocol for ex vivo tissue cultures, it will presumably become possible to maintain ex vivo human tissues other than those described in this protocol or elsewhere 22, 41, 45, 46 . Moreover, it is conceivable that a multitissue system can be developed to study tissue-tissue interactions. In particular, it may be possible to develop a system in which one tissue will affect another tissue through the soluble factors released into the common medium or through cells migrating from one tissue to another. Such a system may reproduce what happens at the organism level and simulate systemic factors associated with various pathological conditions. Another advantage of ex vivo tissues is the ability to visualize in real time the development of pathogenic conditions using confocal microscopy. Recently, such an approach was used to study green fluorescent protein-labeled HIV penetrating cervical tissue ex vivo 47 . HIV studies have showed important gaps in our knowledge of tissue pathogenesis. Indeed, although we know the entire genome of this virus, the proteins encoded by these genes and a great deal about molecules on the cell surface that bind the virus, and about the HIV life cycle inside infected cells, we know too little about the mechanisms of viral pathogenesis in tissues that eventually determine immunodeficiency.
In general, we believe that development of techniques for culturing integral tissues ex vivo, together with various technologies that allow monitoring of cells and of soluble factors in the depths of the tissue, will transform biomedicine in the twenty-first century in the same way as the development of techniques that allowed the culture of individual cells revolutionized biology in the twentieth century.
Although numerous articles based on the technique of maintaining human tissue ex vivo have been published, important technical details remain either unpublished or scattered in various papers addressing concrete questions of viral pathogenesis. This protocol aims to fill this gap.
The protocol in stages Briefly, the technique of culturing human tissue ex vivo to study the pathogenesis of HIV and other infectious agents consists of the following steps ( Fig. 1 
Experimental design
Below, we emphasize elements of the technique that, in our experience, are most important to avoid failure of the experiment.
Tissues. The tissue delivered to the laboratory should be in good condition, having a 'healthy' pinkish color and lacking large blood clots and greenish necrotic centers. The state of the tissue is also dependent on how quickly it is delivered for processing. Unfortunately, it requires some experience to determine which parts of the living tissue are healthy. To visualize the selection process of tissue for histoculture, in Figure 2 we have illustrated some of the steps in the selection and preparation of tonsillar tissue. Figure 2a is a montage of pictures of (i) a tonsil as it is received after surgery, (ii) the parts of the tissue that cannot be used for culturing, (iii) usable tissue cut into large pieces (Step 10A(iv)) and (iv) the tissue strips that will be later cut into blocks (Step 10A(v)). Figure 2b shows an image of the tissue blocks before (Step 10A(v)) and after (Step 10A(vii)) being deposited on top of the Gelfoam sponge in a six-well plate. We advise beginners to isolate tissue cells and to subject them to an objective microscopic or flow cytometric viability test (e.g., with trypan blue or propidium iodide). It is important, for long-term culture, to start the experiment with a healthy tissue. However, tissues are not equal, and some are more prone to deterioration than the others. For example, tonsillar tissue is soft and prone to deterioration. According to our experience, this tissue should be delivered within 3-5 h postsurgery. Cervicovaginal tissue is much sturdier, and we successfully cultured this tissue after delivery 24 h post-surgery. Conditions of transportation may also be important. We use RPMI 1640 as a delivery medium; however, other solutions can also be used. We have not yet optimized this step. We have noticed that, at least for tonsillar tissue, cooling on ice during delivery makes it less suitable for long-term culture; however, we have not performed a systematic study of this issue. We maintain tissues at 15-22 1C during delivery.
Tissue processing. For reproducibility of results, tissues should be dissected into blocks of uniform size. We dissect by hand with a blade or scalpel, and it takes several months for a researcher or a technician to become trained in cutting tissues into regular blocks. During this procedure, parts of the tissue that do not look healthy or that contain blood clots should be discarded. The size of the blocks should be approximately 2 mm Â 2 mm Â 1 mm. Smaller blocks are more difficult to prepare, and also many cells are lost during cutting, which inevitably involves compressing and squeezing of the tissue. Larger blocks are easier to cut, but they cannot be cultured for long because of necrosis at their center, which develops because of the deficit of nutrients in the middle of the block. Our attempts to use various mechanical devices for cutting did not produce satisfactory results.
Microbial contamination.
After surgery, in most cases, the hospital's pathologist evaluates the samples, at least visually, before releasing them for scientific purposes. Routinely, this evaluation is performed in nonsterile conditions, often on a table contaminated by other samples. Also, tissues such as tonsils or guts are not sterile by nature. All this makes the problem of contamination serious. We use a cocktail of antibiotics to protect tissues from infection (see PROCEDURE below). However, we do not stick to one cocktail.
When several tissues from different donors become contaminated, we ask our microbiology department to analyze samples for microbes and, depending on the results, we use appropriate antibiotics. There is a lesser probability of contamination if the tissues come from sterile surgery or biopsies. In these cases, the possible source of contamination is one's own laboratory, and the measures to prevent this contamination are the same as for routine cell cultures. Nevertheless, we routinely culture tissues overnight and check for contamination the following morning before using them for laborious long-term experiments.
The role of various microbes that are present in the donor tissue at the time of experimental tissue infection is complex and is not limited to the application of this protocol but rather constitutes a general biological problem. In the case of HIV infection, these coinfecting microbes may determine HIV replication by inducing cell activation, by changing the cytokine spectra and by up-or downregulating HIV receptors and coreceptors. Our analysis of tonsils from 58 patients has demonstrated that the most frequent pathogen is mycoplasma, which is found in 39% of tissues, followed by several types of Staphylococci, S. aureus, S. heamolyticus and S. werneri found in 12%, 5% and 2% of tissues, respectively. Diphteroids and Gemella are found in 7% and 3.5% of tissues, respectively. No pathogens were detected in 30% of tissues (J.-C.G. and L.M., unpublished data). In the framework of this protocol, we try to eliminate 'contaminating' pathogens with antibiotics. However, even bacterial products can signal through Toll-like receptors and thus affect HIV replication 48 . Also, various ubiquitous viruses, in particular herepsviruses that are present in the tissue, may also affect HIV replication. The presence of the herepsviruses can be measured with real-time PCR 18 . The presence of these microbes or their fragments can be considered as one of the parameters of this system that are difficult to control. On the other hand, their presence may be used to study HIV interactions with other microbes in the context of tissues ex vivo. Unlike 'sterile' cultures of isolated cells, such a system may more faithfully reproduce intermicrobial interactions that occur in vivo. Rafts. In the course of the development of explant technology, researchers have used different supports (rafts) to culture tissue on. These include filter paper, Millipore filters, wire meshes and so on. In our experience, as well as in the experience of other labs, the besttested support is collagen gel, such as that used for surgery. We use the product Gelfoam produced by Upjohn. Other groups that use similar protocols for ex vivo tissue culture also use this product 49, 50 . A similar product, such as Ultrafoam, is commercially available from Davol Inc. Also, different matrixes such as cytomatrix) can be used for the same purpose. However, we are not aware of a comparative study of these products as applied to ex vivo tissue culture.
Ex vivo tissue immunization. Tonsils and lymph nodes can easily mount secondary immune responses against public antigens or against vaccinal antigens, such as tetanus toxoid or diphtheria toxoid. Stimulation is achieved by addition of the antigen to the culture medium for the first 3 d of culture. It is critical to change the medium thoroughly following this stimulation, because the antigen carried-over will complex with any specific antibody produced and negate subsequent detection in immunoassays. The concentrations we have used vary from 1 to 100 ng ml À1 . In our experience, roughly 80% of tonsils tested respond to challenge by either tetanus toxoid or diphtheria toxoid, which may reflect the responsiveness of the donor population.
Medium change and evaluation of the release of metabolites.
Empirically, we chose a 3-d period between consecutive medium changes. When the collected medium is analyzed for viral components (in the case of HIV-1, for p24, reverse transcriptase or RNA) or for the production of cytokines, it should be taken into account that after each medium change the production of the compound of interest begins at a level of almost zero and reaches the value measured in the medium collected 3 d later. Formally, the data should be presented as a 'saw'-like graph (Fig. 3) . However, we think it is more adequate to present the release of components as a cumulative curve. The graphs in Figure 3 illustrate both methods of data representation applied to the replication of R5 HIV-1 SF162. Neither of these methods is perfect: the first method is complicated and does not reflect the amount of medium retained in the gel in spite of medium change (we estimate that a 1 cm Â 1 cm piece of Gelfoam of standard thickness retains B0.5 ml of medium); the second method does not represent primary results, as each datum for each point represents the sum of the measurement at this and all preceding time points. In spite of the fact that kinetics of viral replication for various viruses in some tissues might be different (e.g., X4 HIV-1 or X4R5 HIV), these methods of presentation are nonetheless valid. Note that the scale of the y axis has been changed between panels A and B to emphasize the difference between cumulative and differential mode of data presentation. of 20 (see ref. 51 ). Therefore, comparison of average parameters in the group of untreated tissues with these parameters in the experimentally treated group of donor tissues undermines the statistical power of the analysis because of donor-to-donor variability. To increase the power of the analysis, the experimental design should include the division of each donor tissue into experimental and control samples that are not experimentally treated ('donormatched control' that are not infected, not exposed to drug and so on). Each of the measured parameters in the experimental sets should be normalized by the corresponding parameter in donormatched control. Unfortunately, if donor-matched control tissues are not available, e.g., if one studies tissues from chronically infected patients, a large cohort of control patients should be assembled and used as a 'statistical control' 53 .
Statistics. The number of donors (n) needed for reproducibility of the results depends on how strong the effect is. In the absence of significance, the sample size must be increased to reach a reasonable statistical power. Among the effects of pathogens on human tissues reported so far, we have encountered effects that required a value of n from as little as 5 to as high as 83. The use of statistical analysis software with power analysis, such as StatMate (StatMate, GraphPad Software) is recommended. In the case of normalized data, namely when the parameter for control tissue is defined as 100% and therefore will have no variance, the method of statistical analysis chosen should reflect this heteroscedastic nature of the data. We usually use Prism 5.0 and its accompanying statistics guide (Harvey Motulsky 'Statistical analysis for laboratory and clinical researchers,' GraphPad Software).
MATERIALS REAGENTS ! CAUTION Tissues should be harvested according to an IRB-approved protocol. The protocol may reflect that, for most of the projects, tissues are collected from indicated surgeries or from cadavers and thus are not harvested for the purpose of the study. In some cases, they can be considered as 'pathological waste.' Moreover, most of the IRB-approved protocols we use require that the samples be anonymous and that the tissue containers be stripped of all identifiers at the site of collection by the hospital personnel. Tissues can be obtained from local hospitals or from the National Disease and Research Interchange. In the case of projects for which tissues are collected specifically and/or for which access to patients' records is required, a special IRB-approved protocol is needed.
. Explant culture medium (ECM) for the initial overnight incubation (ECMON) (see REAGENT SETUP) . ECM for the rest of experiment (see REAGENT SETUP) . Fluorescence-activated cell sorting (FACS) staining buffer (see REAGENT SETUP) . Bead staining buffer (see REAGENT SETUP) . Digestion solution (see REAGENT SETUP) . Gelfoam . MEM sodium-pyruvate, 100 mM (100Â) (GIBCO Invitrogen, cat. no.
11360-070)
. Timentin (GlaxoSmithKline, NDC 0029-6571-26) (see REAGENT SETUP) . Gentamicin (50 mg ml À1 , 1,000Â) (Cellgro-Mediatech, cat. no. 30-005-CR) . Fungizone (250 mg ml À1 , amphotericin B, 100Â) (GIBCO Invitrogen, cat. no. 15290-018)
. Fetal bovine serum (FBS) gem-cell (Gemini Bioproducts, cat. no. 100-500) m CRITICAL We advise testing several lots of serum for culture optimization, and then use of the same lot of FBS for an entire series of experiments. In the case of viral replication, we always test several lots on tissues from several donors and select the lot that gives the highest viral replication. Also, FBS is critical for the ability of tissue to secrete cytokines in culture medium: we observed (J.-C.G. and L.M., unpublished data) that different lots differ in their ability to support secretion of various cytokines upon stimulation of tissues with several polyclonal activators.
. Normal mouse serum (NMS) (Gemini Bioproducts, cat. no. 100-113) . Normal goat serum (NGS) (donor goat serum; Gemini Bioproducts, cat. no.
100-109)
. Collagenase . Nalgene 0.2-mm filter cap 500-ml bottles (Nalgene, cat. no. 169-0020, or equivalent)
. Nalgene 0.2-mm filter cap 200-ml bottles (Nalgene, cat. no. 157-0020, or equivalent)
. 12 . Thermomixer with block for 1.5-ml tubes (Eppendorf, cat. no. 022670000, or equivalent)
. Flow cytometer (Becton Dickinson LSRII running DIVA 6.0, or equivalent) . Forceps . Scalpels, nos. 10 and 23 . Sharp scissors . Flat weighing metallic spatula (see EQUIPMENT SETUP) . Humidified CO 2 incubator set at 90% humidity to avoid dehydration of the cultures . Benchtop centrifuge with properly sealed buckets for aerosol containment to prevent the formation of potentially hazardous aerosols REAGENT SETUP Timentin Prepare a working 100Â stock solution by adding 100 ml of sterile 0.15 M NaCl to a 3.1-g vial for intravenous administration. Aliquot in 1-ml aliquots distributed in sterile screw-cap tubes. Freeze and keep all aliquots at À30 1C. Aliquots are stable for up to 30 d. Unused thawed aliquots should be discarded. ECM Open a fresh 500-ml bottle of RPMI 1640, remove 90 ml (set aside for other use) and add 75 ml of FBS, 5 ml of 100Â MEM-nonessential amino acids, 5 ml of 100Â fungizone, 5 ml of 100Â MEM-sodium pyruvate and 500 ml of 1,000Â gentamicin. Store at 4 1C. ECMON This culture medium is to be used only for the first night of culture. It is prepared freshly by adding timentin to the ECM. Dilute 1 ml of freshly Table 2 . Collagenase IV Prepare a 10 mg ml À1 2Â solution by dissolving 1 g of collagenase type IV into 100 ml of RPMI 1640 supplemented with 5% FBS (vol/vol). Filter-sterilize through a 0.20-mm filter cap bottle. Distribute 1-ml aliquots into screw-cap tubes and keep frozen at À80 1C. FACS staining buffer Prepare a staining buffer by adding 5 ml of NMS and 5 ml of NGS to 1Â PBS, pH 7.4 (1% (vol/vol) final concentration, each). Filter-sterilize through a 0.2-mm filter-cap bottle. Bead staining buffer Prepare a buffer by adding 5 ml of NGS to 1Â PBS, pH 7.4 (1% (vol/vol) final concentration). Filter-sterilize through a 0.2-mm filter cap bottle. m CRITICAL It is imperative to use a buffer that does not contain mouse serum, as this would prevent binding of the labeled mouse antibodies to the compensation beads. Flow cytometry compensation beads Prepare as many 12 Â 75 tubes as there are fluorochrome conjugates used for cell staining. To do so, add a drop (E40 ml) of anti-mouse k-chain (or anti-rat k-chain for rat monoclonal antibodies) and a drop of control microsphere per tube. m CRITICAL If several conjugates of the same tandem dye are used, prepare a tube for each conjugate, as the spectral properties of each tandem dye may vary between antibodies and between lots of the same conjugate.
Amine-modified particles Dilute the amine-modified stock solution into PBS to a concentration of 10 Â 10 6 beads ml À1 . Transfer an aliquot of 50 ml into a 12 Â 75 FACS tube and add 1 ml of Live-Dead blue fixable dye reconstituted according to the manufacturers' instructions by adding 50 ml of DMSO per dye vial (25 mg). Incubate at room temperature (19-22 1C) in the dark for 20 min. Wash with 1 ml of PBS, centrifuge at 8,000g at 16 1C for 3 min, decant the supernatant, add 100 ml of PBS, vortex, add 100 ml of a 2% (wt/vol) formaldehyde solution in PBS and allow to remain for at least 20 min. EQUIPMENT SETUP Flat weighing metallic spatula Bend the flat part of the spatula to a 45-901 angle, otherwise if the angle is sharp, the spatula may damage the Gelfoam when it is used to squeeze the trapped air bubbles. We bent the spatula to a 451 rather than 901 angle to avoid having the hand right above the tissue, which might increase the risk of contamination. Flow cytometer Verify the proper function and setup of the flow cytometer lasers, fluidics and optical channels using the cytometer setup and tracking beads if running DIVA 6.0. Alternatively, use similar approaches to ensure proper function and setup of the instrument. Detailed instructions are available in reference 54. m CRITICAL A poorly setup flow cytometer will give unreliable data. It is imperative that the instrument be set up and verified daily. Compensation settings and LASER delays should be performed for each experiment.
PROCEDURE
Preparation of Gelfoam sponges TIMING 30 min to 1 h depending on the size of the experiment 1| Prepare ECM and ECMON as described in REAGENT SETUP. m CRITICAL STEP ECMON should be prepared freshly.
2| Calculate the number of Gelfoam pieces needed per experiment on the basis of the type of tissue used and the number of wells required to perform the experiment (see Table 2 ). For each plate necessary for the experimental design, allow 15 pieces per 6-well plate for tonsils, adenoids, appendix; allow 2 pieces per 12-well plate for cervicovaginal tissue; and allow 3 pieces per 24-well plate for rectosigmoid tissue.
3| Depending on the number of Gelfoam sponges required for the experiment, either fill a 100 mm Â 20 mm Petri dish with 30 ml of ECM (if three sponges or fewer are required) or fill a 150 mm Â 25 mm Petri dish with 50 ml of ECMON (if more than three sponges are required).
4| Take out the appropriate amount of 12-7 Gelfoam pieces and put them in the Petri dish.
5| Start the rehydration process using ethanol-sterilized forceps to push the Gelfoam pieces gently into the medium. m CRITICAL STEP Be extremely careful in pressing on the Gelfoam. At this stage, the sponge is extremely brittle and might break apart if too much force is applied before rehydration starts.
6| Finish the hydration process by pressing on the Gelfoam with the bent flat spatula sterilized with ethanol. This chases the trapped air out of the sponge. m CRITICAL STEP The Gelfoam should be as free of air as possible: the presence of air will block the capillaries through which nutrients reach the tissue.
7| Use ethanol-sterilized scissors to cut the rehydrated Gelfoam into pieces of the appropriate size: for 6-well plates, cut into four equal pieces; for 12-well plates, cut into six equal pieces; for 24-well plates, cut into four equal pieces and then cut each piece in half to obtain eight pieces per sponge. 8| Place a piece of Gelfoam into each well and add the appropriate amount of ECMFN: 3 ml per well of a 6-well plate; 1 ml per well of 12-well plate; 0.5 ml per well of 24-well plate.
9| Place the plates in a 37 1C, 5% CO 2 incubator with high relative humidity (483%) while the tissues are dissected.
Dissection and preparation of tissues TIMING 1-3 h for dissecting tissues and an additional hour to set up tissues on sponges for 342 blocks, i.e., six plates of tonsil explants 10| The dissection protocols vary slightly for each type of tissue used. If using tonsils or adenoids, follow option A; if using lymph nodes, follow option B; if using rectosigmoid tissue from surgical recession, follow option C; if using rectal biopsies, follow option D; if using cervicovaginal tissue, follow option E. See Table 2 for a synopsis of culture conditions. ' PAUSE POINT It is possible to pause the protocol at this stage, before infecting with HIV-1. We prefer performing the infection after an overnight culture to make sure that no bacterial or fungal contamination develops. However, for other pathogens, the best timing for infection might be different. ' PAUSE POINT It is possible to pause the protocol at this stage, before infecting with HIV-1. We prefer performing the infection after an overnight culture to make sure that no bacterial or fungal contamination develops. However, for other pathogens, the best timing for infection might be different. ' PAUSE POINT It is possible to pause the protocol at this stage, before infecting with HIV-1. We prefer to perform the infection after an overnight culture to make sure that no bacterial or fungal contamination develops. However, for other pathogens, the best timing for infection might be different. ' PAUSE POINT It is possible to pause the protocol at this stage, before infecting with HIV-1. We prefer to perform the infection after an overnight culture to make sure that no bacterial or fungal contamination develops. However, for other pathogens, the best timing for infection might be different.
(E) Cervicovaginal tissue TIMING 1.5 h per tissue (i) Wash tissues in PBS and transfer into a 100-mm Petri dish containing 10-20 ml of PBS.
(ii) Localize the ecto-and endocervix. Cut the cervix away from the rest of the uterus and vagina at the fornix.
(iii) Cut radial slices 2-3 mm thick.
(iv) Separate the ecto-and endocervix. In the received cervical samples, the endocervix is readily recognized as the part of the tissue that constitutes the lining of the lumen (it usually has a darker color and is coated by thick mucus). The ectocervix constitutes the vault of the vaginal cavity and has a clearer color. (v) Put the ectocervix slices on their sides, and cut away and discard as much muscular tissue as possible, leaving only the mucosal epithelium and the underlying stroma. The thickness of the dissected tissue should be B2 mm. m CRITICAL STEP Keep the endocervix and ectocervix separated. They are both valuable tissues but because the endocervix usually continues to produce mucus in culture, this might interfere with subsequent assays. We prefer keeping the endocervix separate and to use it as a source of production of mucus that can be used for other studies. (vi) Transfer several strips into the cover of a new Petri dish filled with 5 ml of RPMI, just enough to cover the lid. Cut the strips into 2-mm lengths. This should result in tissue blocks with dimensions of roughly 2 mm Â 2 mm Â 2 mm. Cut as many blocks as needed to perform the experiment: at least 12 blocks are required per experimental condition ( Table 2) .
Transfer the blocks into a clean Petri dish containing PBS. m CRITICAL STEP Keep the medium in which the dissection was performed as well as any unused pieces of tissue: they might be used for an initial flow-cytometric analysis or for archiving DNA and RNA. (vii) Swirl the plate to randomize the distribution of the blocks. (viii) Proceed with infection. m CRITICAL STEP Cervical explants are best infected at the time of dissection; therefore, once the desired number of blocks have been cut, they should be infected. We also recommend including an experimental condition in which both the virus and a powerful antiviral drug are combined. This is a useful control to ascertain whether the virus actually replicates rather than being adsorbed and later released by the tissue. (A) Direct deposit of pathogen TIMING 10 min per plate (54 blocks) (i) If the tissues were dissected the previous night, aspirate the culture medium with a pipette. Then tilt the plate and gently push the Gelfoam back to the high part of each well to allow the medium to gather at the lower part. Aspirate and discard this medium before proceeding from Step 11A(ii). For freshly dissected tissues, start at Step 11A(iii). (ii) Add 3 ml of fresh medium to each well. (iii) Dilute viral stocks to an appropriate concentration. It is preferable to have a dilution such that the desired inoculum is contained in 5 ml of medium or less. m CRITICAL STEP Volumes larger than 5 ml do not remain on the tissue block and end up diluted in the culture medium shortly after being applied. (iv) Pipette 5 ml of the inoculum and delicately deposit this volume on top of each block. (v) Let the plate stand under the hood for at least 15 min, and then return it to the incubator until the first medium change, which in our protocol is usually 3 d. Culture of tissues TIMING 20 min per plate 12| Three days after the infection, take two aliquots of medium from each of the replicate wells and distribute them into two labeled cryotubes. Repeat for all the experimental conditions. ? TROUBLESHOOTING 13| With a pipette, aspirate the entire medium from the well, proceeding with one experimental condition at a time. Keep the same pipette for the next step.
14| Tilt the tissue culture plate, gently bring the Gelfoam to the top of the well and let the medium flow down to the bottom; aspirate.
15| Take a new pipette tip and add an adequate volume of fresh ECM. See Table 2 for the appropriate volume. Cell surface staining TIMING 1 h for preparing tubes and staining and 1 h for fixation (Step 31A) 19| Prepare and label 12 Â 75 tubes by adding 50 ml of cell surface antibody mix (previously titered). m CRITICAL STEP You must include fluorescence-minus-one control tubes. These tubes sequentially contain all fluorochromes minus one; they are used to define proper gates and to control the compensation process. A nonstained tube is also required.
20| Take an aliquot (50-100 ml) of cell suspension (from Step 18) and keep it on ice.
21| Add 1 or 2 ml of Live-Dead fixable blue stain solution (see REAGENTS) to the remaining 500-ml or 1-ml cell suspension, respectively. 25| Resuspend the pellet in 0.5 or 1 ml of staining buffer as per Step 21.
26| Distribute 50-ml aliquots of cells into 12 Â 75 FACS tubes containing 50 ml of the various antibody mixes or staining buffer (unstained control).
27|
Prepare compensation tubes by adding to each tube one drop each of flow cytometry compensation beads (see REAGENTS); add the same amount of each individual antibody used in the staining. m CRITICAL STEP Do not dilute the antibody in the staining buffer; use the bead-staining buffer for this purpose. The presence of mouse antibodies in the mouse serum will prevent binding of the labeled antibodies to the beads.
28|
Incubate at room temperature for 20 min.
29| Add 2 ml of staining buffer to the tubes containing cells to be stained. Add 2 ml of bead buffer to the compensation control bead tubes. 33| Set up the flow cytometer with adequate quality control using cytometer setup and tracking beads (see REAGENTS) or equivalent if you are not running DIVA 6.0. m CRITICAL STEP If you are using a multi-LASER instrument, verify that the LASER delays are properly set up. This step is often omitted, and an improper setting will ruin your experiment. 38| On the thawed samples, perform the assays designed to measure proteins secreted by the cultured tissues, such as cytokines and chemokines.
34|

TIMING
The timing will depend very much on the size of the experiment. The preparation of Gelfoam and culture medium takes 30 min to 1 h for up to four plates of culture. Dissecting tissue blocks is the most time-consuming phase of the work. Allow 3 h for cutting the 342 blocks of tissue that are required to set up three plates of tonsil explants. For lymph nodes, consider dissecting for 1 h per node; for rectosigmoid resection, consider spending 1 h per patient to set up one or two plates of culture. For rectosigmoid biopsies, consider spending 20 min per patient, once the biopsies are collected. Finally, for cervicovaginal tissue, the tissue preparation and dissection take around 1.5 h per patient. Allow an additional hour to set up the blocks on the Gelfoam sponges (10 min per plate). The time required to perform infection is also dependent on the number of plates to infect and the mode of infection. It takes 10 min for a skilled experimenter to infect 54 tissue blocks (one plate of tonsils); for someone with less experience, it will take much longer. Infection by incubation in viral suspension, as for cervicovaginal tissue, takes around 3 h. When working with tissues that do not require immediate infection, such as tonsils, lymph nodes and rectosigmoid tissues, it is possible to pause after the dissection and explants set up since the infection can be performed the following day. In experiments with cervicaovaginal tissue, everything should be done in one phase; count on spending 2.5 h to prepare the Gelfoam plates and dissect the blocks. The infection and washing of the blocks should take an additional 3 h. Setting the blocks on the Gelfoam takes an additional 30 min. Altogether, setting up cervicovaginal tissue will take around 6 h from start to finish. Changing and sampling the medium takes around 20 min per plate. Sample collection and tissue digestion for flow cytometry takes 20 min per plate plus 30 min for digestion and 15 min for straining. Once the cell suspensions are prepared, the whole flow cytometry staining process takes around 3 h from start to finish.
? TROUBLESHOOTING Troubleshooting advice can be found in Table 3 . Step Problem Solution 12 (cervicovaginal explants)
The culture supernatant is difficult to collect because it is too thick and cannot be pipetted Endocervical blocks that have not been separated from endocervical blocks at Step 10E(iv) are present and secrete mucus. They should be removed and treated separately 34 No staining of compensation beads The bead-staining buffer in Step 27 contained mouse serum; use proper bead staining buffer
The beads used in Step 27 are not specific for the antibodies used; verify that you are using the proper beads, mouse IgG, k for mouse monoclonal antibodies and anti-rat for rat monoclonal antibodies
The monoclonal antibody chosen is not recognized by the beads (e.g., mouse IgM, l); change clone 
